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Abstract
This study compares the effects of slope information derived from three GIS software on
sediment yield as estimated using AGNPS model. The three GIS software are IDRISI for
Windows, ERDAS Imagine and ArcView. The results of the study clearly demonstrated that
the different software produced different slope information. The deviations were considerable
when the comparisons were based on raw slope values. The maximum slope values
generated by the software differed by as much as 61 percent. Not only the software produced
different slope values, the locations where the maximum slope occurred were also different.
These differences in slope information subsequently impacted the estimates of sediment yield
using the AGNPS model. While the maximum slope information differed only by 1.6 times, the
maximum sediment yields generated by the difference software varied by as much as 12.7
times. This strongly indicates that the use of different GIS software in environmental modeling
might lead to different decision making and management strategy.

Keywords: Geographical Information System (GIS), slope information, Sediment yield;
AGNPS model; tropical catchment

1. Introduction

Sedimentation is the greatest single cause of non-point source (NPS) pollution. It diminishes
recreational opportunities, clogs hydraulic facilities, destroys aquatic habitats, and affects
water quality (Liau and Tim, 1994). Furthermore, not only it is a major pollutant, it is also a
major transport mechanism for other pollutants such as nutrients. The nutrients (primarily
nitrogen and phosphorous) carried by the sediment stimulate algal growth and, consequently,
accelerate the process of eutrophication. Non-point source (NPS) pollution has becoming
more important in many parts of the world in recent years. In contrast to a point source, where
a known volume of contaminant is discharged from a single identifiable source, non-point
source pollution is an aggregate of small contaminant inputs spatially distributed (diffuse
sources) throughout a watershed (Giupponi and Rosato, 1995; Leon et al., 2001). Due its
diffuse nature, NPS pollution is strongly related to surface runoff especially from agriculture
and urban areas.

The spatial distribution of water together with the sediments it carries, is usually a difficult
phenomenon to assess. This is because the concentration of sediments is usually measured
at an outlet point in the catchment where the sediment are usually lumped together. However,
the spatial distribution of these sediments could be estimated using distributed or processbased hydrologic/environmental models. Many process-based models had been developed in
the past for rainfall-runoff-erosion modelling. These include ANSWERS (Beasley, et al.,
1980), WEPP (Nearing et al, 1989), AGNPS (Young et al., 1987) and SHE (Abbott et al.,
1986; Wicks and Bathurst, 1996).

These process-based models are more advantageous if compared to the other methods of
sediment yield estimation. This is particularly so when the spatial and temporal distributions of
the net soil loss are also need to be determined for devising the optimal soil conservation and
management practices (Kothyari et al, 1997). However, the uses of process-based models
require a large amount of spatially referenced and related data. In the past, such endeavours
have been limited partly due to the lack of spatial data handling tools that could handle a
large volumes of input data that describes or represents the spatial variability of a landscape
(Liao and Tim, 1994). However, with the recent development in geographical information
system (GIS), this difficulty has been significantly reduced and thus, provides greater
opportunities for researchers to conduct distributed hydrological or water quality modelling.
For this reason, many researchers have been using GIS for hydrological and water quality
modelling in recent years (e.g. Liao and Tim, 1994; Tim and Jolly, 1994; Tim, Mostaghimi, &
Shanholtz, 1992; Panuska et al.,1991; Feezor et al.,1989; Olivieri et al., 1991; Hession et
al.,1989; Line & Coffey, 1992; Ruslan, 1992; Srinivasan & Engel,1991 & 1994; Mitchell et al.,
1993; Chowdary et al., 2001).
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While this development has been proven helpful, it is also important to assess the quality or
accuracy of the results from such analyses. This is because there are usually more than one
algorithms or approaches to implement certain analysis functions in the GIS. Different GIS
software may use different algorithms or implementation to calculate the parameters required.
One example is slope information, which is one of the important input parameters to many
hydrological or water quality models. However, there have been few systematic investigations
of the relative impacts of the various algorithms on modeling output (eg. Srinivasan and
Engel, 1991b; Feezor et al., 1989; Edward et al., 2001).

This paper describes a research that compares slope information produced by several GIS
software and their effects on sediment yield estimates. A small catchment area in Penang
Island, Malaysia was selected as the test site for the project. An Agricultural Non-point Source
(AGNPS) model was used to estimate the sediment yield. Three different GIS software were
tested, namely IDRISI for Windows, ERDAS Imagine and ArcView 3-D Analyst. It is hoped
that this paper will provide GIS users with useful information on the potential variability of
sediment yield estimates produced by different GIS software.
2.0

The GIS Software Tested

In GIS, slope information is generated based on a 3-dimensional surface representing
elevation of an area. The surface can be generated using different approaches depending on
the software or data representation either in vector or raster format. In vector format, the
surface is generated using Triangulated Irregular Network (TIN), while in raster format it is
generated as digital elevation model (DEM). Skidmore (1987), Dunn and Hickey (1998) and
Burrough and McDonnell (1999) provide comprehensive reviews of the various algorithms for
calculating slope information. Most of the algorithms are based on a 3 by 3 window (mask)
either based on a centre cell or across the centre cell. However, the major difference between
the two approaches is that the later does not consider the elevation at the centre of the 3 by
3 mask. Each of these approaches can calculate slope using either four or eight neighbours
of the centre cell (Z5 in Fig. 1) and as either the minimum, maximum, or average of all the
neighbours. The slope values can be calculated either in percent or decimal degrees.

Fig. 1: Basic approaches to calculating slope.
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In this paper three different raster-based GIS software that implement the various slope
algorithms were used as examples. The three different software were IDRISI for Windows,
ERDAS Imagine and ArcView 3-D Analyst. All of them run on IBM PC or compatibles but
have different characteristics. They are among the most popular GIS software in the world.

IDRISI for Windows is an analytically powerful educational and research software developed
by Department of Geography, Clark University, U.S.A (Eastman, 1999). It is an integrated
software that incorporates both GIS and image processing/remote sensing capabilities. The
capabilities of this software include classification, map overlay, distance and context analysis,
surface interpolation, statistical analysis, filtering, and geometric correction. It supports
various data types (integer, real and byte) and file formats (ASCII, binary and packed binary).
With IDRISI, a slope map can be generated either in degree or percent using the SURFACE
operation. The slope is calculated based on the elevation values of the four immediate
neighbours to the top (Z2), bottom (Z8), left (Z4) and right (Z6) of the target cell (Figure 1a) or
also known as the 'rook movement' procedure. The slope is calculated as the resultant vector
of the slope in X and the slope in Y, i.e.,

⎛ Z 6− Z 4 ⎞ + ⎛ Z 2− Z 8 ⎞
⎜
⎟ ⎜
⎟
⎝ r*2 ⎠ ⎝ r*2 ⎠
2

S=

2

Equation (1)

slope_percent = S *100
slope_degree = tan − 1 ( S ) *

Equation (2)

180

Equation (3)

π

where S is the tangent of the angle that has the maximum downhill slope; slope_percent is
slope in percent; slope_degree is slope in degree; and r is the cell resolution. For
identification purposes, this method is referred to as IDR-SLP in this article.

ERDAS Imagine is commercial image processing and geographic information system
software developed by Earth Resources Data System (ERDAS). Like IDRISI, ERDAS has
most of the analytical capabilities useful in natural resources and environmental analysis.
With ERDAS, a slope map can be produced using the SLOPE operation. According to
ERDAS user manual, slope of a cell at location X, Y is calculated as an average as follows
(Fig. 1c) (ERDAS, 1997, p. 346):
•

Calculates the average change in elevation for each unit distant in X and Y direction:

S

X

=

( Z 3 + Z 6 + Z 9) − ( Z 1 + Z 4 + Z 7 )
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* cX

Equation (4)

4

S

Y

=

( Z 1 + Z 2 + Z 3) − ( Z 7 + Z 8 + Z 9)
3

* cY

Equation (5)

where:
Z1..Z9 – elevation in a 3 x 3 window (Figure 1)

•

cx

- pixel size in x direction

cy

- pixel size in y direction.

Calculates the slope for x, y as follow:
2

S=

(S X ) + (S Y )

2

2

if S =< 1

slope_ percent = 100*S

otherwise

slope_ percent = 200 – 100/S

Equation (6)

slope_degree is calculated as in Equation (3) above.

This method was developed by Zevenbergen and Thorne (1987) and is often known as the
Zevenbergen and Thorne’s method (Burrough & McDonnell, 1999). Dunn and Hickey (1998)
classified this method as quadratic surface method. Slope information from this software is
referred to as ERD-SLP in this article.

The third software tested is ArcView GIS developed by the Environmental System Research
Institute (ESRI), Redland, USA. The function for calculating slope (and other terrain
modelling) in this software is provided by the 3-D Analyst extension using the Derived Slope
sub-menu option. The documentation that comes with it mentions that the slope function
identifies slope, or maximum rate of change, from each cell to its neighbors. However, it does
not describe in detail the formula used to calculate slope. Nevertheless, since this software
was developed by ESRI, we would assume that it uses the same approach as the Arc/Info
GRID module. In other word, with ArcView, a slope is calculated as the maximum slope using
the eight neighbours approach (Fig. 1c) using the following formula:

S

X

=

S

Y

=

S=

( Z 1 + 2Z 4 + Z 7) − ( Z 3 + 2Z 6 + Z 9)

( Z 1 + 2Z 2 + Z 3) − ( Z 7 + 2Z 8 + Z 9)

8 * cX

8 * cY

S

2
X

+ SY

2

where cx, cy, Z1..Z9
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Equation (9)
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The slopes are output in decimal degrees calculated using Equation (3) as defined above.
This method was introduced by Horn (1981) and usually known as Horn’s method (Burrough
& McDonnell, 1999). In this article, the slope information generated from this software is
referred to as AV-SLP.
3. Methodology
3.1 The AGNPS model
Sediment yield is estimated using AGNPS (AGricultural Non-Point Source) model. AGNPS
(version 3.65) is an event-based distributed parameter model developed by Agricultural
Research Services, USDA in co-operation with Minnesota Pollution Control Agency and the
Soil Conservation Service (NRCS) (Young et. al., 1987; 1995). The model was developed to
analyse and provide estimates of runoff water quality (runoff volume, peak flow rate, sediment
and nutrient yields) from medium to large-sized agricultural watersheds ranging from a few to
20, 000 hectares.

The AGNPS model comprises of 3 major basic components (output): hydrology (eg. runoff
volume, peak discharge), sediment (e.g. sediment yield, sediment concentration, sediment
particle sizes, deposition, enrichment ratio) and chemical transport (eg. nitrogen,
phosphorous, COD). Runoff, sediment and nutrient transport processes are simulated for
each cell and routed to the outlet. Thus, flow, erosion, and chemical movement at any point in
the watershed can be examined. Upland sources contributing to a potential problem can be
identified and locations can be prioritised for remedial action to improve water quality most
effectively. Runoff is predicted using the Soil Conservation Service (SCS) runoff curve
method. Sediment yields are predicted using a modified version of the Universal Soil Loss
Equation (USLE) (Wischmeier and Smith, 1978). Nutrient movement components have been
adapted from the CREAMS model (Frere et al., 1980). Chemical transport calculations are
divided into soluble and sediment-absorbed phases. A comprehensive description of the
AGNPS model can be found in Young et al. (1987, 1995).

The model subdivides a study area into uniform grid cells similar to a raster-based GIS. All
watershed characteristics and inputs are expressed at the cell level. The cells are numbered
consecutively from the upper left moving on the right direction and down. Potential pollutants
are routed through cells from the watershed divide to the outlet in a stepwise manner so that
flow at any point between cells can be examined. A single cell or a data unit can be at
resolutions of 2.5 acres (about 1 hectare) to 40 acres (about 16 hectares). Smaller cell sizes
such as 10 acres (4 hectares) are recommended for watersheds less than 2000 acres (about
810 hectares).

The model requires two groups of input: watershed level and cell parameter (watershed
element). At the watershed level, five pieces of data are required: watershed
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identification/description, precipitation (inches), rainfall energy-intensity value (erosion index –
EI value), area of each cell (acres) and outlet cell number. An important implication of this set
is that AGNPS does not accommodate non-uniform storms, i.e. it uses a lumped modeling
approach for its rainfall.

Cell data includes physical information describing each of the cells or watershed elements as
well as parameters based on the land practices in the cell. AGNPS requires 22 input data
values (its distributed parameter information) for each watershed element (cell) as shown in
Table 1.
Table 1: AGNPS Cell Data Input Requirements

Flow routing information:
Cell number
Aspect (one of 8 possible directions indicating the principal drainage direction from
the cell)
Number of the cell into which it drains
Channel indicator (indicating existence of a defined channel within a cell)
Hydrologic characterization:
SCS curve number (SCS-CN)
Average land slope (%) [for channel elements only]
Slope shape factor (uniform, convex or concave)
Average field slope length (feet)
Average channel slope (%)
Average channel side slope (%)
Mannings roughness coefficient for the channel
Impoundment factor (indicating the presence of an impoundment terrace system
within cell)
Soil erosion coefficients:
Soil erodibility factor (K) for USLE
Cropping factor (C) for USLE (C-factor)
Practice factor (P) for USLE
Surface condition constant (SCC - factor based on land use)
Soil texture (sand, silt, clay, peat)
Gully source level (estimate of cell gully erosion, tons)
Chemistry data:
Fertilization level (zero, low, medium, high)
Incorporation factor (% fertilizer left in top 1 cm of soil)
Point source indicator (indicates existence of a point source input within cell)
Chemical oxygen demand factor
__________________________________________________________________________
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Output from AGNPS can be examined for a single cell (including watershed outlet) or for the
entire watershed. Output values for the whole watershed include: watershed description,
area (acres), area of each cell (acres), characteristic storm precipitation (inches), storm
energy-intensity (EI) value. There are 19 output values available at the watershed outlet or for
any cell in the watershed as shown in Table 2.

The distributed parameter approach of the AGNPS model preserves spatial characteristics
and makes it appropriate to use a GIS system for storage of those spatial characteristics
(Mitchell et al., 1993). Thus, the characteristics of raster GIS storage, retrieval and
manipulation can be used effectively with the AGNPS model. The model is available for use
on personal computers but can also, with slight modifications, be run on UNIX workstations.
Several researchers have linked the AGNPS model with various GIS or terrain description
methods. These include Panuska et al. (1991), Feezor et al. (1989), Olivieri et al. (1991),
Hession et al. (1989), Line and Coffey (1992), Srinivasan and Engel (1991), Mitchell et al.
(1993), and Chowdary et al. (2001). The model is becoming commonly and widely applied
throughout the world to investigate various water quality problems.
3.2 Procedures
To test the effects of the three GIS software, a small watershed for the Sungai Air Terjun or
Waterfall River (4.98 km2) located at Penang Hill, Malaysia (Figure 2) was selected. The
study area is located between latitudes 5o 24' to 5o 26' north and longitudes 100o 15' to 100o
17' east. It is part of the Penang Forest Reserve, which is under constant pressure for various
agricultural and urban developments.

Sediment yield is the environmental quality parameter of concern in this study. For this
reason, only those parameters related to hydrology and sediment were captured and input
into the database. The data for the parameters were collected either from local government
offices, field sampling, or tables provided in the user’s manual. The major elements of the
watershed

database

include

topography,

hydrography,

soil,

land

cover/use,

land

management and climate.

Most of the data required by the AGNPS model for the study area were in paper maps. These
data were digitised in vector format using Arc/Info software and transformed into Malayan
Rectified Skew Orthomorphic (RSO) projection system.
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Fig. 2: Study area (a). showing river system and location in Penang state (b). location
in Peninsular Malaysia.
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Table 2. AGNPS Output Values Available at the Cell or Outlet.

Hydrology Outputs:
Runoff volume (inches)
Peak runoff rate (cubic feet/sec)
Fraction of runoff generated within the cell
Sediment Outputs:
Sediment yield (tons)
Sediment concentration (ppm)
Sediment particle size distribution
Upland erosion (tons/acre)
Amount of deposition (%)
Sediment generated within the cell (tons)
Enrichment ratios by particle size
Delivery ratios by particle size
Chemical Outputs:
Nitrogen
Sediment associated mass (pounds/acre)
Concentration of soluble material (ppm)
Mass of soluble material (pounds/acre)
Phosphorus
Sediment associated mass (pounds/acre)
Concentration of soluble material (ppm)
Mass of soluble material (pounds/acre)
Chemical Oxygen Demand
Concentration (ppm)
Mass (pounds/acre)

In this study the base maps depicting drainage pattern and elevation contours of the study
catchment were prepared using the topographic maps of George Town & Butterworth (Sheet
3265) and Kota Kuala Muda (Sheet 3266) at a scale of 1:50,000. The maps were then
converted into digital form by manual digitising and the selected catchment was converted
into grids of 100m X 100m. This is to accommodate the maximum total size of 1350 cells that
could be accommodated by AGNPS. The land uses of the study area comprised of 92%
forested, 6.4% scrubland, 0.3% agriculture and 1.3% urban (residential, commercial and
recreational land) (Figure 3a). The elevations of the study area vary from 20 to 800 meters
(Figure 3b). Because of its rugged topography, any development on this area is expected to
create massive erosion, which eventually flows downstream to the nearby coastal areas. The
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average annual rainfall of the study area is relatively high around 2750 mm (Khor et. al.,
1991), which is typical in the tropical region. However, for this study a daily rainfall event for
28/8/91 was used. At this date the rainfall intensity was 6.36 in/hr and the erosivity index
(IE30) is 1289.

Fig. 3: a) the existing land use and b) the elevation (DEM).
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The contour lines (20 m intervals) were imported into IDRISI to generate a digital elevation
model (DEM). The study area was divided into 60 columns and 46 rows. The DEM was
generated by interpolating the contour lines using IDRISI's INTERCON operation. This DEM
was used as the base for generating three slope maps using the three different GIS software.
The DEM file was converted to ERDAS Imagine and ArcView grid formats using IDRISI's
export functions. All the slope values were represented in percent. In IDRISI, the slope map
was generated using the SURFACE function. In ERDAS, the slope map was created using
the SLOPE function. Slope map from ArcView was generated using the Derived Slope
function. The slope output from this software was given in decimal degrees, which was then
converted into percent so that it is comparable to the output of the other software. Slope
maps from ERDAS, and ArcView software were then imported back into IDRISI for further
analysis, display and conversion to AGNPS input file format or other GIS software.

Soil map was necessary for calculating K-factor and SCS runoff curve number. Unfortunately
no detail soil map was available for the study area. Therefore, several soil samples were
collected throughout the study area and analysed using standard laboratory procedures.
Input parameter layers for the AGNPS model were then generated by interpolation or
reclassification of the soil coverage.

Several of the AGNPS model inputs such as SCS curve number, Manning’s roughness
coefficient, USLE cover (C) factor, USLE support practice (P) factor, and surface condition
constant (SCC) were derived from the land use/cover and land management data obtained
from the local planning and agricultural departments. The land use/cover data was converted
to raster format and reclassified with values for these parameters resulted in input parameter
layers for the AGNPS model. The various AGNPS parameter values derived from the land
use map are shown in Table 3.

Table 3. AGNPS input parameter values derived from land use data.
Land use types

SCS Curve

Manning

Number

roughness

Built-up

79

0.01

0.33

0.01

New cleared land

78

0.03

0.24

0.05

Scrub

69

0.06

0.16

0.15

Bushes

86

0.20

0.10

0.22

Rubber

60

0.10

0.10

0.29

Forest

55

0.40

0.17

0.59
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4. Results and Discussion
4.1

Analysis of the slope information
Table 4 summarizes the slope information produced by the three software. Each of

the software produced different slope distribution. Even though they produced the same
minimum slope value (in percent) of 0, their maximum slope values differ greatly. ERDAS
Imagine (ERD-SLP) produced the lowest maximum slope value of 145 percent while IDRISI
produced the highest maximum slope value (in percent) of 233.5. This is probably due to the
fact that IDRISI determines the slope of a target cell as the maximum slope between the four
neighbouring cells. The maximum slope value of this software is 61% and 54% higher than
the maximum value of ERD-SLP and AV-SLP respectively. However, the differences in the
mean slope between the three software were relatively smaller as compared to the maximum
slope values.

Table 4. Summary characteristics of the slope information from different GIS software.
IDR-SLP

ERD-SLP

AV-SLP

Minimum slope

0.0

0.0

0.00

Maximum slope

233.5

144.9

151.80

Mean slope

19.8

16.4

16.80

Std.deviation

32.4

22.1

23.25

The spatial distribution of slope information from each of the three software is shown in Figure
4. It can be clearly seen that not only the software produce different value distribution, they
also produce different spatial distribution of slope information. The variances (as shown in
terms of standard deviation) of the slope information also vary greatly (also refer to Table 4).
Slope information from ERDAS (ERD-SLP) and ArcView GIS (AV-SLP) are relatively less
variable as compared to IDRISI. A pairwise cell-by-cell comparison between the three slope
maps indicate that the deviation between them are considerable (Table 5). The greatest cellby-cell slope value deviation was encountered between IDRISI and ERDAS. The slope
information between the two methods differed (in absolute terms) by as much as 132 unit,
eventhough the average deviation was only 3.38. The relatively higher standard deviation of
about 18 also supports the fact that the differences between the two slopes information are
quite obvious and wide.
Table 5. Comparison of slope deviation between different software
Software

Min

Max

Range

Mean

Std
deviation

IDR-SLP and ERD-SLP

-70.7

131.9

202.6

3.38

17.78

IDR-SLP and AV-SLP

-52.2

106.5

158.7

2.96

14.62

ERD-SLP and AV-SLP

-32.9

18.6

51.5

-0.42

3.98
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(a)

(b)

(c)
Fig. 4: Slope distribution produced by different softwares (a). IDRISI (b). ERDAS Imagine
(c). ArcView.
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4.2

The effects of slope information from different GIS software on
sediment yield estimates

Table 6 shows the summary statistics of the sediment yields estimated using AGNPS model
based on slope information generated using the three GIS software. Slope information from
ArcView GIS (AV-SLP) produced the lowest minimum of sediment yield of 0.09 ton/ha.
ERDAS produced the lowest mean of 67.2 tons/ha, and lowest maximum of 2876.5 tons/ha
while IDR-SLP, as expected, produced the highest mean (145.60 tons/ha) and highest
maximum (36,399.5 tons/ha). The maximum sediment yield from IDR-SLP differed
significantly from those produced by ERD-SLP and AV-SLP i.e. about 12.7 and 6.0 times
higher respectively. On the other hand, the mean sediment yield of IDR-SLP was only about
2.2 and 1.8 times higher than ERD-SLP and AV-SLP respectively. The relatively lower
differences between the mean sediment yields indicate that most of the cells have small
deviations and this is clearly shown in Table 7. About 85% of areas have sediment yield
(tons/ha) less than the mean values for all the 3 software. The differences in the estimated
sediment yields among the software were more substantial as compared to the differences in
slope values. While the maximum slope information differed only by about 1.6 times, the
maximum sediment yields differed by as much as 12.7 times (Table 8). Since all the other
parameters were held constant (except slope related parameters), this means that the
differences were mainly due to the slope related information. This also indicates that the
behaviour of model output is not necessarily similar to the model input, thus a clear
understanding of the model assumption and equations are necessary to effectively use such
model.

Table 6. Summary statistics of AGNPS estimated sediment yields (t/ha) by software
AGNPS estimated
sediment yields (t/ha)

GIS Software
IDRISI

ERDAS

ArcView

Minimum

0.13

0.25

0.09

Maximum

36399.5

2874.3

6104.6

Range

36399.4

2874.1

6104.5

Mean

145.6

66.4

80.5

Std. Deviation

696.11

99.92

148.49

37.3

15.4

16.1

At Outlet
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Table 7. Distribution of AGNPS estimated sediment yields by software
AGNPS estimated
GIS Software
sediment yields (t/ha) by
IDRISI
ERDAS
ArcView
standard deviation (SD)
Area (ha)

%

Area (ha)

%

Area (ha)

%

< Mean

497

89.4

483

86.9

482

86.7

0 –1 SD

56

10.1

34

6.1

45

8.1

1 – 2 SD

2

0.4

20

3.6

14

2.5

2 – 3 SD

0

0.0

7

1.3

6

1.1

> 3 SD

1

0.1

12

2.1

9

1.6

Total

556

100

556

100

556

100

Table 8. Comparison of sediment yield (t/ha) deviation between different software
Software
Min
Max
Range
Mean
Std deviation
IDR-SLP and ERD-SLP
IDR-SLP and AV-SLP
ERD-SLP and AV-SLP

-2365.5
-1466.5
-4266.3

34561.3
30295.0
899.0

36926.9
31761.3
5165.6

79.1
65.0
-14.1

658.9
576.4
87.5

The spatial distribution of the sediment yield is shown in Figure 5. The spatial pattern of
sediment yield produced by ERDAS software resembles those produced by ArcView. As
expected, slope information from IDRISI produced a much different spatial pattern of
sediment yield. In addition, it can be observed that the slope calculation method used by
IDRISI tends to produce extreme values. This result supports the finding of Dunn and Hickey
(1998) that the primary disadvantage of the maximum slope method is the overestimation of
slopes. The locations of extreme values of sediment yield were also different between the
three software (Table 9). Interestingly, Table 9 also shows that the locations with extreme
slopes do not necessarily produce the highest sediment yield. There are many important
variables that influence sediment yield, with slope being one of them. Furthermore, sediment
yield is the by-product of a dynamic hydrological process. Sediment or soil loss generated at
one location might be deposited or transported to other locations. Apart from slope, such
transport mechanism is also influenced by other factors such rainfall and land use.

Table 9. Cell location of maximum slope and maximum sediment yield
Software

Cell location
Maximum slope

Maximum sediment yield

IDRISI for Windows

165

50

ERDAS Imagine

189

43

ArcView 3-D Analyst

189

41
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(a)

(b)

(c)
Fig. 5: Distribution of sediment yields (tons/ha) produced by different softwares (a). IDRISI
(b). ERDAS Imagine (c). ArcView.
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6.0 Conclusion
This study compares the effects of slope information derived from three GIS software
on sediment yield as estimated using AGNPS model. The three GIS software are IDRISI for
Windows, ERDAS Imagine and ArcView 3-D Analyst. The results clearly demonstrated that
these different software produced different slope information. The deviations were
considerable when the comparisons were based on raw slope values. The maximum slope
value generated by each software differed by as much as 61 percent. Not only the software
produced different slope values, the locations where the maximum slope occurred were also
different. The differences in slope information subsequently impacted the estimates of
sediment yield using the AGNPS model. In fact, the differences between the sediment yields
were much more significant than the slope information. While the maximum slope information
only differed by 1.6 times, the maximum sediment yields between the software differed by as
much as 12.7 times. This clearly indicate that the effects of slope information on the sediment
yield as estimated by AGNPS model propagated in non-linear fashion.

This study has shown that different calculation methods or implementations may
produce different results and subsequently may lead to different decisions even when the
same basic data are used. One important lesson learned in this study, as also highlighted by
Dunn and Hickey (1998), is that one cannot take for granted the methods provided by
different software packages. Results from GIS analyses are increasingly being used in
decision making. Therefore, users should be aware of the method or implementation used in
any GIS operation so that they can better understand and assess the strengths or limitations
of the results from their analysis. Good software documentation is a prerequisite towards this
end. It is also suggested that, where possible, sensitivity analysis or validation should be
carried out on model outputs before they are finally used in any decision making process.
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